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In placing before our readers Mr. Ellet’s plan for a suspension bridge 
for the Schuylkill, at Philadelphia, we beg to congratulate them upon the 
prospect of a re-introduction of this mode of bridge building, We have 
frequently commented upon the importance of this subject, and. it may be 
remembered, that when introducing Mr. Ellet’s pamphlet, on. Wire Bridges, 
that we suggested the adoption of this form of structure for the Croton 
Acqueduct at Harlem river. Mr. Ellet, long since proposed a suspension 
bridge, but as no definite plan has yet been agtead upon, we think it not too 
late to take him up. _ We repeat what we then said, that a failure of the 
high bridge in even a smal] portion would cost more than a complete Wire 
Bridge which would answer in every particular. In these days of econo- 
my and retrenchment, it becomes our Water Commissioners to loole well 
before they leap. 


Y\SUSPENSION BRIDGES.—PLAN OF THE WIRE SUSPENSION BRIDGE 
ABOUT TO BE CONSTRUCTED ACROSS THE SCHUYLKILL, AT PHILA- 
DELPHIA. By Charles Ellet, Jr., Civil Engineer. 


The wire suspension bridge represented in the annexed engraving, was 
designed in compliance with an invitation of the Commissioners of the city 
and county of Philadelphia; and is intended to succeed the Fairmount 
bridge, which was destroyed by fire in the summer of 1838. . The plan 
was approved by the Board, who have since advertised for proposals. forthe 
erection of the work; and it is understood to be their intention to urge its 
immediate mmaleian ' 

Without adverting to the merits of this plan, asa s-pertieales onplinetiog 
of the principle of suspension; the fact that such a bridge is about to be 
constructed, cannot but be a matter of interest to the profession, as an aus- 
pice of the introduction into this country of an improvement which’ has de- 


served and acquired the most abundant success abroad. 40 
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Suspension bridges present many claims for public attention, which have 
been fully recognized wherever they have been fairly submitted to the test 
of experience. Nearly all the principal rivers of the cultivated portions 
of Europe flow through densely populated districts, in which the impor- 
tance of an unembarrassed communication with the opposite shores, has 
been long appreciated; and bridges were, consequently established at an 
early period, wherever the interest was sufficient to justify the expense of 
their erection, But nevertheless, as soon as one or two suspension bridges 
had been successfully accomplished, it was found that there were numerous 
places where similar works were greatly needed, and where the abilities of 
the inhabitants had yet proved to be unequal to the charge required for 
their erection and maintenance, by the application of any system of con- 
struction previously devised, which might thenceforth participate in the ad- 
vantages held out by the new method. Inthe course of very few years, 
great numbers were accordingly erected; and it soon became manifest that 
the anticipated objections to the recent innovation were either entirely fan- 
ciful, or such as could be readily removed. 

Popular opinion had foreseen inconvenience from the supposed instability 
of the platform ; but experience taught, that when properly built, the mo- 
tion in an arch of 300 feet opening, or more, did not exceed that which has 
place in ordinary wooden bridges; and theory at the same time demon- 
strated that the escillations produced by an equal disturbing force diminish 
as the length of the span is augmented. 


The apprehension of a rupture of the cables, was dissipated before the 
proofs which were furnished by science and experiment ;— proofs which 
show that of all’ the applications of building materials to architectural 
purposes, none admitted of greater certainty than that of iron, and especial- 
ly of iron wire, to the support of bridges; that the tension to which the 
metal was exposed, is susceptible of the most rigorous determination, and 
its strength, of the most accurate preparatory trials. 


At the same time that these positive objections were relieved, the com- 
parative value of the system was ‘made equally apparent. The unrivalled 
beauty, and even gracefulness, of those examples which had been con- 
structed, gave them a preference for positions where ornament was essen- 
tial and elegance a merit. Their susceptibility of being applied to rivers 
where the width of span must necessarily be very great, rendered them pe- 
euliarly appropriate for situations in which it was requisite, for the preser- 
vation of the navigation, or other object, to avoid obstrueting the water 
way by the establishment of too many piers in the channel.* They pos- 
sessed, withall, the merit of durability, to an extent which will render them 
sesnenqnms ; and to these advantages was superadded a claim not unfre- 


* ‘The s an of the Freibourg bridge, built by M. Chaley, is 889 English feet, and its floor- 


or feet seagate the surface of the Sarine. Another bridge in Switzerland, by the same 
over the valley of Gottron, has a span of 152 metres (499 feet,) and is elevated 340 
ve bottom of the valley. Ships pass under the flooring of the Menai ornee un- 


ps full sail. 
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quently esteemed as still more important: viz. that the first outlay neces- 
sary for their construction, will generally be less than that for any other de- 
scription of bridges. There are exceptions to this assertion, but-where 
they obtain, the stream must be very inconsiderable, and such as will per- 
mit the adoption of the wooden bridge requiring the simplest possible com- 
bination of the materials. 

With these claims—which in fact cover the whole ground on which a 
preference could be founded—the system of suspension prevailed through- 
out Europe; and was immediately applied to the most important streams, 
in the heart of populous cities, and on various lines of railroads. Arches 
were commenced and successfully accomplished, from two to three times.as 
wide as had ever before been attempted; and the practice of constructing 
bridges of any other description, was nearly superseded by the favor yield- 
ed to a system which appeared to combine every possible advantage, witha 
susceptibility for universal application, and which could scarcely be oppos- 
ed by one solid objection. 

The rivers of the United States, and especially those west of the Alle- 
ghany, present a broad field for the introduction and development of this 
improvement. In general, these streams are remarkably wide, and subject 
to freshets of great height and power; they are navigable for steam boats 
during a certain portion of the year, and sustain a commerce of the high- 
est value tothe country ; considerations which may be regarded asso many 
abjections to the obstructing of their channels by piers, independently of the 
expense which the erection of such works, in these circumstances necessa- 
rily involves. Besides, the sparseness of the population in most of the 
States, and the deficiency of funds incident to that condition of things, ren- 
ders it important to fix on plans which will at the same time require the 
smallest annual charge for maintenance, and the smallest capital for origi- 
nal construction. 

These conditions are best satisfied by the pendant principle; and its in- 
troduction into this country must therefore be regarded asa valuable contri- 
bution to the means of perfecting our great and numerous lines of inter- 
communication. 

The engraving of the bridge intended to be constructed across the Schuyl- 
kill offers a very faint idea of the appearance presented by such a structure, 
when tastefully designed and viewed in place. It will, however, serve to 
convey an impression of the genera) appearance of suspension bridges, t6 
those who have not possessed the opportunity of witnessing some of the fine 
specimens of the art which have of late years been erected in Europe. 

This bridge consists of one principal npening 400 feet wide, and two lat- 
eral stone arches of 65 feet. Upon the piers which sustain the thrustof 
these lateral arches are to be erected 4 isolated columns for the support of 
the wire cables which upholdthe platform. There are fourof thesecables, 
each of which is about 600 feet in length, from 4 to 5 inches in-diameter, 
and composed of about 900 strands of iron wire. The wire isthey}, of © 
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a foot in diameter ; and each strand is covered with a coat of durable var- 
nish. before it is put in the cable. 

The cables pass over the summits of the granite columns, where they 
bear ona moveable saddle, resting on rollers of cast iron, which are placed 
between. the saddle and the upper surface of the capital. These rollers 
havea slight play, and the object of introducing them is to prevent the col- 
umns from being disturbed by movements of the cables, whether caused by 
the dilatation of the wire consequent on atmospherical changes of temper- 
ature, or the small oscillations and vibratory movements of the platform. 

The ends of the cables descend through appertures in the masonry, and 
are securely anchored in the abutments of the littoral arches; passages are 
formed for the easy access of the superintendant to these fastenings, in order 
to admit, if necessary, of the removal of a cable, or the application of fresh 
paint or varnish to the iron as often as it may be judged expedient. 

The width of the flooring of the bridge is 26 feet; of which space 18 
feet in the centre, is intended for a carriage way, and 4 feet on each side, 
next to the parapets, for foot ways. The foot ways are raised 10 inches 
above the level of the carriage way. 

The dimensions of the cables are assigned with a view to the support of 
the bridge when the whole area of the platform is occupied by people; and 
it is assumed, in the calculation, that the number who can conveniently 
stand upon it is equal to 3500 men of ordinary stature. The weight of 
this number of people, estimated at 150 pounds per man, is 234 tons, The 
weight of the bridge, or of that portion of it which is suspended between the 
columns, is computed at 214 tons; and consequently the whole weight on 
the cables, where the platform supports a load of this amount, will be 448 
tons; from which will result a tension at the points of support—the sum- 
mits of the columns—of 720 tons. The ultimate tenacity of the wire which 
will be used, may be safely estimated at three fifths of a ton for each strand ; 
so that the aggregate strength of all the wires in the four cables—which 
contain 3600 strand—will be 2160tons; or three times the tension to which 
they will be exposed when the flooring is occupied by 3500 men. 

The bridge is to be sustained by 4 granite columns standing on bases 9 
feet square ; which are obviously too light to be depended on for the sup- 
port of any material part of the tension; and it is consequently essential 
that the direction of {the cables, on the opposite sides of the columns: should 
be such, thatthe resultant may fall as nearly as possible in the centre of their 
bases. By this arrangement the horizontal components of the tension neu- 
tralizeeach other, and each column is subjected only to a pressure in the di- 
rection of its axis, of about 225 tons, or half the weight of the bridge and its 

“oad. The stability of the columns.is consequently greatly increased by the 
weight which they sustain; and it would be much more difficult to overthrow 
them when crossed by the cables and receiving the pressure due to the load 
which:they support, than when isolated. 

 The:platform is one foot higher in'the centre than at the abutments; and 
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itis guarded on the sides by parapets, which fulfil the double office of pro-. 
tecting the passengers and reducing the ostillations to which the’ structare 
is liable. ; 

The preceeding remarks apply to the plan of the bridge as it was pre- 
sented and approved; but since its adoption by the commissioners a 
change of the location has caused certain modifications to be made to ae 
it to the new site. 





For the American Railroad Journal and Mechanics’ Magazine. 
INTERNAL IMPROVEMENTS OF NEW YORK. No. 4. 


We have shown in the preceeding numbers that, by lengthening the locks 
of the Erie canal, and constructing duplicate ones at certain points, its ca- 
pacity for the transportation of freight will be doubled, and by an improve- 
ment in its channel, in raising the surface | to 1} feet, and adding to the 
width 16 feet, its capacity will be fully quadruple what it now is, and such 
proportions obtained in respect to the size of the boats and the canal, as will 
render the cost of traasportation with animal power a minimum. : 

All this may be accomplished at an expense not exceeding six millions 
of dollars, or about the one seventh part of the cost of the enlargement on the 
plan contemplated. The State will save by this plan nearly $30,000,000— 
the canal will be abundantly large enough to accommodate any prospec- 
tive increase in the trade upon it for years to come, and the great desidera- 
tum of cheap transportation, effected to a degree as perfect, when all the 
attendant circumstances are considered, as can be attained by the praposed 
enlargement. 

Although the arguments advanced, ate believed to be quite sufficient to 
justify the conclusions to which we have arrived, we will give some further 
reasons in confirmation of their correctness. 

Supposing the Erie canal to be enlarged the whole distance from Albany 
to Buffalo, it is easy to perceive that a similar improvement of the Oswego 
canal will speedily follow. The limited extent of the Oswego canal only 
38 miles, half of which is natural navigation, and being, as it is, the chan- 
nel of communication with lake Ontario, its importance is such as leaves 
no reason to doubt that its enlargement will follow that of the Erie canal, 
as certainly as its construction followed that of the Erie canal in the first 
instance. 

The Cayuga and Seneca canal connecting with the Cayuga and Seneca 
lakes, and communicating with a fertile and populous portion of the State 
will also present claims for an enlargement which will be irresistable, and 
hence we may reasonably expect that if the plan of the enlargement is per- 
severed in, the State in order to perfect the system will be forced into the 
expenditure of some seven or eight millions more than has been estimated. 
The advocates of the Erie Canal enlargement, although they must have 
seen the necessity of adding also to the size of these canals, have been si- 
lent on the subject.’ They have advocated the enlargement on the ground 
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that the large boats would be better adapted to the navigation of the Hud- 
son river and the lakes mentioned in the interior of the State, but have been 
silent as to the whole expense necessary to be incurred in carrying this 
plan into effect. 

As to the other canals to which the enlightened internal improvement 
policy of the State has given birth, viz. the Chemung, Crooked Lake, Che- 
nango, and the two less hopeful ones yet in embryo, the Black river and 
the Genessee valley, there is no danger of their acquiring an importance 
sufficient to render their enlargement in the least degree probable. These 
canals, however, in connection with the two first named, until such time as 
they shall be enlarged, must labor under the very serious inconvenience of 
a transhipment of freight to and from the boats of the Erie canal at the sev- 
eral points of junction, owing to the different dimensions of the boats and 
character of the navigution upon each. - 

The delay, expense and embarrassment of this transhipment has not been 
fully realised. 

It has been shown from published reports, that of the 640,000 tons which 
came to tide water on the Erie canal in the year 1838, two-thirds was lum- 
ber or the product of the forest. It is well known that most of this is 
brought to the Erie canal from the lateral canals and is transported the 
most of it in boats. Flour, also, and other articles, are furnished in large 
quantities from the lateral canals, particularly the Oswego and Cayuga and 
Seneca. 

The expense of transhipment must of course depend very much upon the 
nature of the lading, and will embrace the following items. 

1. The interest on the cost, and depreciation of the boats during the time 
occupied in making the transfer. 

2. Wages of boat hands for the same time. 

3. Interest upon the cost, depreciation and feed of horses, 

4. Dock rents and fixtures, and occasional warehousing expenses. 

5. Such additional hands as may be necessary. 

By giving to these several items their proper value, it will be found, we 
believe, that the average cost of transhipment, independent of the embar- 
tassment consequent upon the delay, and the injury upon the articles tran- 
shiped, will be not much less than fifty cents per ton, or equal to the pre- 
sent average cost of transportation of down freight, independent of tolls on 
fifty miles of the canal. 

Supposing, therefore, as is asserted, that the saving in the cost of trans- 
portation on the enlarged canal will be 50 per cent of the present rates, 
freight from the branch canals must be carried 100 miles on the Erie ca- 
nal to make the expense what it now is. + Putting the saving at 25 per cent 
instead of 50, which is undoubtedly nearer the truth, and the distance at 
which the expense will be the same as at present, is 200 miles. That is, 
if the distance at which freight from the lateral canals is carried in the Erie 
canal, is less than 200 miles, the total cost of transportation will be greater 
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than it now is. This certainly does not show any very great.advantage , 
to be derived by the sections of country in the vicinity of the branch canals 
from the enlargement, unless the circumstance of paying as high or higher 
than they now do for transportation, and bearing, at the same time, their 
portion of the burden of the debt to be contracted, can be esteemed an ad- 
vantage. 

Again, those who are conversant with the mode in which the transpor- 
tation is conducted on the Erie canal, are aware thatthe business is almost 
wholly in the hands of companies acting in concert and wielding an im- 
mense capital, and hence are able to defy all ordinary competition, monopo- 
lising the business, and becoming carriers at their own prices. 

The power and extent of this combination, although its influence wag 
then but partially developed, were manifested when in 1823 the Canal 
Board reduced the tolls to near the constitutional limit, with a view of 
bringing in the trade of the country west of Buffalo. Instead of produc- 
ing the effect anticipated, the forwarding companies immediately raised 
their charges, thus converting a measure of great public benefit into a 
source of private emolument. 

If the Erie canal is improved so as to admit of any material reduction 
in the cost of transportation, what guarantee have the public that the same 
scenes will not be re-enacted, and that instead of deriving any benefit them- 
selves from so great an expenditure they are not putting money into the 
coffers of a monopoly which has already rendered itself odious by its un- 
reasonable exactions? Certain it is, that however great is the evil of this 
monopoly at the present time, it will be much augmented should the project 
of the enlargement be accomplished. This follows from the fact of the 
business being conducted on a larger scale, the boats being larger and more 
expensive to build and to navigate will prevent many from engaging in 
the business of transportation, and drive therefrom also many who are now 
engaged, but whose capital and means although adequate to prevent ex- 
igencies are too limited for the purchase and navigation of boats upon the 
large canal. 

There are still other reasons why the cost of transportation will not pro- 
bably be reduced to the degree anticipated. The line of railway alluded 
to in a previous number, extending from Albany to Buffalo, will soon be 
completed. The restrictions imposed by the State upon the railway, as it 
regards the conveyance of freight, opposed, as it is, to the enlightened prin- 
ciples of political economy, and the true interests of the people of the State, 
will ere long be removed, and when so removed, the railway will catry a 
very large proportion of the merchandize, which now pays, for both 
tolls and transportation, more than double the charges upon other de- 
scriptions of freight. This change will not oniy make considerable 
inroads upon the tolls from the canal, but the forwarders loosing, as 
they will, their very great profits on merchandize will be compelled te 
eharge higher on other freight. This, although it may not cause any in. 
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crease in charges over present prices, will prevent their being reduced as 
low as they otherwise would be. 

That the railway will carry merchandize to a very considerable extent, 
when the restrictions alluded to are removed, is obvious from the experi- 
ence on the lakes, where the steamboats take most of the freight of this de- 
scription at much higher rates than sail vessels, principally on account of the 
saving in time by that mode of conveyance. 

Rapidity and certainty of conveyance are very important to the merchant 
located in the distant interior. It gives him a more speedy return on capi- 
tal invested, and with the convenience which a winter conveyance upon a 
railway will afford, he will not be obliged to purchase so largely when 
procuring his fall supplies, and thus derive a double advantage in the con- 
stant receipt of fresh supplies, according as his necessities may require, and 
in the less amount of capital needful for the transaction of his business. 

That the transportation of merchandize upon the railway will take place, 
to a very great extent is obvious for another reason. If but a single mer- 
chant in a village or city in the interior should obtain his supplies by the 
more speedy conveyance of the railway, others will be compelled to do the 
same, and that such will be the natural course which business will take, ap- 
pears to us to be too obvious to need further comment. 

As to the effect of a reduction in the charges of transportation upon the 
canal in drawing to it a greater amount of business by pushing further to 
the south and west the dividing line which separates the portions of the 
valley of the St. Lawrence and upper Mississippi doing business respective- 
ly with New York and the cities south, we cannot but believe the anticipa- 
tions of the friends of the enlargement have been too sanguine. The tide 
of emigration to the States and Territories west, is yet strong and will un- 
doubtedly so continue for many years to come, the consequence of which 
is a consumption within their own borders, of their surplus products, leav- 
ing comparatively little for the Atlantic marts. 

That the influence of a reduction of tolls in inviting business to the ca- 
nal from the sections of country mentioned, must for some time be limited, 
appears probable from the fact that the business of the canal thus far has 
been maiuly from within the limits of N. York, notwithstanding in the last 
six or seven years there has been a general reduction of 25 per ct. upon the 
tolls and a further reduction of full 30 per ct., arrising out of the extraordi- 
nary advance in prices, which for the last five years has taken place under 
the benign influence of the credit system. The country having began to 
realize the bitter fruits of making that which is a mere evidence of debt a 
standard of value, or in other words, of giving to paper which possesses 
no intrinsic value, the properties of coin, there is every reason to believe 
that prices will recede until they shall reach a point at which they can be 
permanently maintained. The tolls of the canal being based not upon the 
value but upon the weight or dimensions of the several commodities, this 
reduction in prices is practically equivalent to an increase in tolls, 
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The business of the cunal must, to'a considerable extent, experience the 
injutious effect of this change in prices, or relative increase ip tolls, the 
remedy, supposing it expedient to apply any, which is.doubtful, being be 
yond the reach of the State authorities, since the tolls are now down to the 
limit fixed by the constitution. 

There is another view of the subject of the probable effect of the enlarge 
ment in reducing the charges for transportation which merits the most se 
rious attention. tm: ea 

In the report of the comptroller for the year 1838, from which we quote, 
not having the last report at hand to refer to, the nett revenue ofthe: the 
State canals is thus given. 


Surplus of the revenues of the canals from tolls over and above 

the cost of their maintenance, $841,888.09 
If the interest paid for the year on the debt of the lateral canals 

which are finished, be deducted, 170,000,00 
It leaves a surplus of $67 1,888,09 

The revenue from the Erie and Champlain canals, being the only canals 
which more than pay expenses, has not varied much for the last seven years. 
During the whole of this time it has ranged between $1,300,000 and 
$1,400,000. This being the fact, there is no good reason to believe that 
the increase will be very rapid for several yearstocome. If it remains the 
same, the only available means of the State, derived from the canals, for 
paying off the debt of the enlargement, is the surplus above stated of $67 1,-. 
888,09. This it must be remarked, is the surplus after paying interest, 
without reducing the principal of the debt of the lateral canals which are 
finished. It does not therefore include the two last of the pauper progeny 
of the State, viz., the Black River and the Genessee Valley. The interest 
on these being deducted, amounting to $600,000, it being doubtful whether 
they will ever pay the cost of maintenance, and there remains but a precious 
smull sum for defraying the interest on the cost of the enlargement, amount- 
ing, at 6 per cent., to $2,400,000 per annum. 

That the revenue of the Erie canal will continue to mcrease, we firmly 
believe—but the expenses also will increase; and it should be borne.in 
mind that the most liberal estimate of the revenue for many years, will not 
be sufficient to keep down the interest, if the plan of the enlargement is 
persevered in, and a resort to taxation will become necessary to preserve 
the faith of the State, and obtain means for defraying the current expenses 
of the government. 


If the enlargement of the Erie.canal is accomplished onthe 
scale proposed its probable cost for reasons given in out first 
number will amount to %40,000,000 
Debt of the lateral canals in operation, about 2,500,000 
Gost of the Genessee Valley canal, 6,000,000 
“ Black river “ 4,000,009 
18 
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Expense to be incurred in enlarging the Cayuga and Seneca 
- ‘and Oswego canals, say 7,000,000 

“ rebuilding locks on Chemung canal of stone, they being 
now of wood and almost useless, 700,000 

“ rebuilding also the locks on Chenango canal which are 
of stone and wood, 1,300,000 


$61,500,000 
The State of New York, without entering into any new projects, is al- 
ready in for about $60,000,000 on account of her canals alone without 
even a reasonable prospect of being able without resort to taxation, to pay 
the interest on that amount. Is it not time to pause in this career of extrav- 
agance. Of all the visionary projects into which the State has been 
drawn by the influence of wnwise counsels, the enlargement of the Erie ca- 
nal is the most visionary, and the sooner she makes haste to retrace her 
steps the better. ' 
FULTON. 





For the American Railroad Journal and Mechanics’ Magazine. 


' ATMOSPHERIC RESISTANCE TO LOCOMOTION ON RAILROADS--DR. LARD- 


NER’S EXPERIMENTS, ETC. BY WM. M’CLELLAND CUSHMAN, CIVIL 

ENGINEER. 

I avail myself of a favorable occasion to notice some alledged discoveries 
in Tespect to the quantity of resistance the atmosphere makes to the pro- 
gress of a train of cars when tracked by locomotive engines. The stric- 
tures upon this subject published in the third number of your Journal, 
abundantly evince the character of Dr, Lardner’s claims, and his total fail- 
ure to establish any thing, either original or secondary. I, however feel 
myself called upon to give some further attention to the subject, in my own 
behalf, inasmuch as I had long since investigated its effects, and published 
a formula expressing them, in July last year, as part of a “new expression 
of the powers, velocity, etc., of locomotive engines.” I intend, however, 
while noticing Dr. Lardner’s pretensions, to restrict myself chiefly to the 
more full development of the rationale of atmospheric resistance, than I then 
had occasion to do—a practical indication of its value being all I, at that 
time, aimed to effect. It may be remarked that the views in question first 
enlightened our horizon the present month, and were published in England 
in October last. This statement would be abundantly sufficient in point of 
priority, even assuming them to be true or tenable; but I may bere be al- 
lowed to repeat that (as stated in my paper of July) my expression was in- 
vestigated, in extenso, “ on perusal of Chev. de Pambour’s work”—which 
was in the fall of the year of its publication. So that the effect of the at- 
mosphere upon locomotion on railroads, had been established with precision 
in this country, some three years since'and more ; and published some eight 
months before we were informed-(and it may be very tru¢ indeed) that “no 
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details exist, nor have any experiments ever been made, by which the resist- 
auce (to wit, such as Dr. Lardner has discovered) of the air to a train of rail-. 
Way catriages could be obtained by any calculation whatever; nor was the. 
amount of swch resistance ever suspected, even by the persons who have ven- 
tured to utter such statements, as have (has?) here (to wit, by himself) been 
proved to exist.” I for one (and most engineers will join me). must confess 
that | never did entertain a suspicion of such resistance, etc., as is set forth 
in this famous course of experiments. 

{ may perhaps be indulged in a reflection. It is not an unusual occur- 
rence for unprofessional men to fall into egregious errors, when they pass 
from the popular and merely descriptive knowledge of a subject, to the de- 
velopment and application of complicate laws and principles to practical pur- , 
poses—-which is properly the province of the engineer. This I take to be 
the case in the present instance, Asa popular lecturer upon the steam 
engine, Dr. L. has justly a high repute—that his fame rests here alone has 
been illustrated in more than one instance. Let his admirers recur to his 
extremely absurd estimates of the capabilities of the superb steam palaces 
now flying between the shores of the ancient and modern hemispheres— 
secure and uniform, maugre all presages—as if plying between the banks 
which sustain two opposite marts on the Hudson. 

In illustrating the rationale of atmospheric action upon a train ‘of rail- 
way carriages, it will be best, in the first instance, to pre-establish, by spe- 
cific statements, an idea of the proportion of motive power actually annulled 
by such action, when performing regularly the duty required im practice 
other trials, upon trains allowed to generate their own speed, can in few, if 
any instances, be of service in researches made with the view of determining 
the actual amount of resistance, though they may serve for iNustrating a 
point; and such consequently do not present the data required in forming 
conclusive opinions. This distinction will be carefully observed; for er- 
ratic opinions upon this subject, are very generally, if not exclusively, to 
be referred to indiscriminate reliance upon this class of trials as practical 
results. Note.) ' 
jy, I have shown (R. R. Journal, vol. 9, No. 2.) that, upon several lines of 
railroad of the same width of track, even with engines of very dissimilar 
constructions, the atmospheric resistance to the progress of the engine and 
train, was, in general, very nearly expressed by the formula “4 v?, the ve- 
locity of the motion being v miles per hour. At 30 miles per hour (a ve- 
locity exceeding the average rate of motion upon any railroad extant) the 
resistance is then 360 lbs. Now, the maximum effective power or force of 
steam, of the most puissant engines of the Liverpool railroad, is 2112 Ibs. ° 
when working with their usual pressure in the boiler—to wit, 70 Ibs. The 
proportion of power annulled then, will not exceed } of the maximum ef- 
fective pressure of steam exerted, when the velocity is greater than the ac- 
tual rate of running upon any railway in this or the other hemisphere. 
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At 20 miles per hour, its value is 160 lbs. or ty the effective force.of steam, 
as this i is'about equal to the friction of the engine, unloaded, it will furnish 
a very good notion of the amount of opposition experienced, as well as of its 
relative consequence as part of the total tractive force the engine is capable 
of exerting. This velocity is the actual rate of the passenger trains upon 
the Liverpool, and upon some of the best roads in this country. . Freight 
trains usually travel at more moderate rates—the average rate being 12°5 
miles per hour. The resistance for these is then 62 lbs. or J part of the 
effective force the engine is capable of exerting. It is certain therefore, 
that, allowing the obstruction to be considerable, and always large enough 
to forma necessary element in reckoning the total resisting forces to be en- 
countered, those other elements of the total resisting force must still always 
gteatly predominate over that of the air—in the practical operation of rail- 
roads. 

For further illustration in this respect, the following table is submitted, 
it is computed according to formula tir exhibited, viz: 4 v?. 


“oom of the Engine 5.|Actual resistance of the o- toposes the loss 
es ber hour. 10. air upon the train at 40. effect bears to 





in 211 2 
§2.8 


15.| those velocitiesinlbs.. 90.) the maximum 23.6 


1 
1° 
1 
20.| avoirdupoise, 160.| powerof theen- 1 “ 
25. 250.| gine. i 
30. 360, I 
35. 490. al.. 


The amount of atmospheric resistance does not depend, in any sensible 
degree; upon the length or volume of the train. 

The Atlas, the engine instanced above, with a train of 40 cars, does not 
show any greater proportionate resistance, at the same speed, than with a 
train of but 12 cars, In the first instance its train was about 475. feet long, 
in the second only 160. feet or but one-third the volume of the former. 
The same conclusion follows from each approved result of that course of 
experiments; wherein it has already been stated, the quantity of resistance 
is generally expressed by the formula of -4v?; that is, to use ordinary 
language, the resistance is always constant with the same velocity. I have 
found very precisely the same result upon other roads wherever an oppor- 
tunity has offered to test it by well conducted experiment, even with trains 
of much greater length than the longest of those specified. Dr. Lardner, 
therefore, asserts the precise contrary of the results of extended experience 
upon engines, while doing their usual requirements, when he says that the 
resistance from the air is measured only by the volume of the train. Expe- 
rience drawn from the objects themselves being repugnant to this opinion, 
I beg leave to inquire if it has any indirect support from analogy. Now 
nothing has been more fully settled by a series of excellent experiments, 
than this. Take a body constituted of two cones placed base to base (the 
height of each=diam. of base,) and impel it through a fluid in the direction 
of its axis, and a certain force will be required: but on interpolating a short 
cylinder between the cones, the force required to move the lengthened body 
with the same velocity, will not be nearly so great—if the fluid be water, 
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for instance, the reduction of resistance will be in the ratio 380 to 1000, 
; Again, a blunt cylinder, impelled with any velocity, through the air, reé 
quires less force than a cone or hemisphere with the flat side presented— 
the reduction being expressed in the relation of the Nos. 288 to 291 and 
288. Passing to instances upon a practical scale, observation instructs us 
that upon canals, boats of length require less force to track them, than short 
boats of equal transverse section: another instance in point is that the speed 
of steamers has, in many instances, been increased without changing their 
machinery—simply by sawing and interpolating a-midships—that is, the 
resistance has been reduced by the addition in length. Could the precise 
section of frontage of a train be obtained with certainty, by direct means, 
there is no reason to doubt but that a rigid plane surface of equal extent, 
tracked by an engine, would require much more force to impel, at equal: 
speed, than the train of which it is the section, would. The rationale of 
this is perfectly understood—with the cylinder, long hulks, &c., the fluid 
does more readily and perfectly follow and replace the vacuity left behind 
them as they advance, than with the other objects of equal section—and al- 
thovgh a certain increase of resistance in the article of friction, does attend 
increment of length, it has evidently little significance in comparison with 
the force required to overcome the mere unbalanced pressure of flwid al- 
ways superadded to its resistance proper, in proportion as the figure favors 
the formation of a void in rear of the object. Analogies strictly in. point, 
do not, then, give any swpport to such views as have been advanced by Dr. 
Lardner; but quite the reverse, they bid us rather to apprehend that the 
quantity of atmospheric resistance is at least as great, when an engine and 
tender move off without any useful load, as when it hasa train in convoy. 

The general expression of the resistance which has been established. 
may be translated into language in these terms, viz. 

The resistance of the air upon trains tracked by locomotive engines is as 
if made upon an invariable section of frontage, and varies in amount only 
with the velocity of motion—upon any given line of road. These results,, 
which have been deduced from regular performances, are besides perfectly 
agreeable to analogy ; and it is also evident that none other than these are : 
consistent with the established laws of pneumfatics. But that no part even 
of the resistance (inthe way of increase at least) has any dependence upon 
the volume of the train, may be more clearly perceived on evolving the re- 
sisting section implied by the formula and bringing it into contrast with 
measures taken upon the engines themseives. For this purpose, put § for: 
the unknown section of frontage implied by the formula, agreeably to the 
principle of pneumatics, and p for the resistance of a square foot of surface, 
at any observed velocity represented by v’ miles per hour. We have then 

2 

forthe total resistance of the air upon a train pSa5 Ibs. or more exactly 


‘ $\2:7 v3 4 
still, by the law of Borda, »( 8 ) ga |bs.atany time when the engine 
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is tumaing witha speed of v miles per hour. Now if the frontage-alone 
determines the resistance, this last expression will be equal to -4v? the value 
deduced from the observed performance of engines—that is, we will have 
Hye? 0 40” Vor | 
Pp (s ) _ ya 4e? and ultimately s=() for the area of front 
age which must have been present, according to established principles-in the 
series of performances. And this deduced area and:that made up from meas- 
ures upon-the engines, cannot be allowed to differ sensibly from eachother, 
on.our hypothesis. Now at 20 miles per hourthe force upon a square 
foot of surface is 1.968 lbs., and consequently S=(-4 arn TT 5K6 ft 
expresses accurately the aggregate frontagepresented by every member of 
the train reduced to plane surface. Again, it is certain that, looking to 
facts, there is an unbroken frontage (measuring usually about 6x 9=54: 
sq. ft.) included between the sides of the tender or cars one way, and be- 


tween the roofing of the tender and base of the furnace, the other, super-: 


adding for extra effect upon the small members, the area by direct-measures, 
provesto be nearly, if not exactly, identical with our first result as evolved 
from the formula -4v?._ Now if this formula depended in any sensible de- 
gree upon the volume of the train, the near approach of the two results, 
would have been impossible. On the contrary, imthat case, there- must 
have been an excess against the direct measwres—which excess, if the new- 


fangled views had any basis to support them, must have been indefinitely’ 


great. The facts, as seen, are diametrically the reverse—for the excess is: 

decidedly in favor of the direct measures, but'so slightly as- to give assu- 
“rance that it can never, after accounting in the-result all minutia, be-made: 
to exceed the other by an hundredth part of the total section. 

It is plain then, that in practice the resistance, if any thing, is rather less: 
than the actual frontage would give; but also that the difference is inappre- 
.ciable. We are authorised, therefore, to assert that the atmospherie: resist+- 
-ance is not only as if made upon an invariable section of frontage, but’ 
ithat it depends, exclusively, wpon that section, for its amount. Dr. Lard-- 
wner’s opinions have consequently no foundation in fact and he is welcome: 
toallthe credit of their discovery. 

Albany, February, 1840. 


Nore.—The resistance of the air can only be truly deduced from trials 
similar to the usual performances of engines—there must be uniform velo- 
city, etc, And it cannot be dbtained during such trials if any other 
element limiting the speed or power, remains undetermined. This was 
the case until the law of vaporization, as dependent upon velocity, had 


been established. Having done this, the amount of atmospheric re~ 


sistance was deduced as represented in the paper containing my 
new expression of the. powers, velocities, etc. De Pambour in_ his 


work made po attempt to determine either of these elements, however ° 
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his measures of the friction of engines and of carriages exclude. the 
atmospheric influence entirely—most of his trials with engines beimg made 
without velocity, and the others at so slow a rate of motion, that its influ- 
ence was insensible. By excluding the leading car, he also freed the fric- 
tion of carriages from its influence. The value of this last, with the cars 
there used, is accurately 8 lbs. per ton, or 51, of the gross weight. Hav- 
ing instituted frequent comparisons of computed, with the. running rates, 
upon several roads, I find no reason to,disparage that result, in any degree; 
at least with similar cars. Let it however be observed that light cars have 
less friction per ton than laden cars. The rationale of this is in the com- 
pound nature of friction—in the former the resistance is made chiefly at 
the periphery, where the wheel bears upon the rail—in the other, at the 
:axle—this last, in cars of the usual dimensions, greatly predominating. 
This may be mentioned among the anomalies of de Pambour’s course. 





SAMUEL ADAMS COMBINED RIFLE AND SHOT GUN. 

We have had presented to our notice the above named ingeniously con- 
trived improvement in firearms. It possegses the grand requisite of all 
useful improvements in such things—perfect simplicity. 

The piece’ when used as a rifle, resembles ordinary arms of that descrip- 
tion, and may be loaded as usual, or at the breech by a metallic cartridge. 
A small piece is unscrewed at the muzzle which loosens the inner or rifle 
barrel. This is kept in its place by means of an enlargement at the breech 
in that portion of the barrel in which the metallic cartridge is fitted. The 
space thus left when the inner barrel is removed, leaves room for a larger 
metallic cartridgs for the shot gun, which may likewise be loaded in both 
ways. 

The rifle sight turns on a pivot, and may be put out of the way when the 
smooth bore is used. The perfect adaptation of all the parts, renders the 
united barrels quite as firm as if in one entire piece—and as a rifle it is not 
heavier—or as a shot gun, lighter than common arms of those kinds. 

We consider it as completely supplying the place of two distinct pieces, 
and combining economy of space and and money. For travellers such a 
gun would prove invaluable— while the hunter is thus enabled to command 
game of all descriptions by a single gun. The change may be made in 
half a minute, from a rifle to a fowling piece. 

We understand that a small portion of the right is offered for sale, and 
we conceive it to be a fine investment—being free from the common objec- 
tion to improvements in fire arms—complication of parts. 





We are indebted to Mr. Roebling for a communication on the “ Theory 
of the Crank,” which came however, too late for this number. It will ap- 
pear in the next number. 


' 


Benerits of Rattroaps—We copy the following statement of the 
Ponpomance of a. locomotive: steam engine on a Penneylvania railroad. 
Facts like these are convincing pwoofs of the superiority, of railroads over 
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canals. To this statement we annex some remarks from the Journal of 
Commerce, elicited by certain articles which have recently appeared in the 
Railroad Journal on the enlargement of the Erie canal. We profess not 
to be fully acquainted with this subject, but if the large sum of money ne- 
cessary to complete this enlargement can be turned to the construction of 
railroads, we are of opinion a much greater good will be accomplished. 
Ed. N. Y. Times. 


UNEXAMPLED PERFORMANCE IN THIS CounTRY on Evrope.—The 
engine “ Gowan & Marx,” built by.Messrs. Eastwick & Harrison, for the 
Philadelphia and Reading railroad company, weighing eleven tons, drew 

esterday, over the railway from Reading tothe Columbia railroad bridge, 
Petere’ Island, one hundred and one loaded cars. 
Gross weight of train, 423 tons of 2240 lbs. 
Nett “6 “ 2684 “ “ 

Running time, 5 hours 23 minutes—distance 54} miles, being at an aver- 
age speed of.about 10 miles per hour. 

The coal consumed by the engine in drawing this load was 5600 lbs. or 
rather less than two and a half tons. 

The quantity of oil consumed by the whole train of cars was 5} quarts, 
being about halfa gill for each car. 

The freight was as iollows: 

2002 barrels of flour, weighing 1905 tons 
459 kegs of nails, 3. ° 
52 barrels of whiskey, . 
20 hogsheads of corn meal, ; 
5 “ whiskey, “ 
7 “ linseed oil, %.. 
Lot of band iron, etc., “ 


Total nett freight, . 268, “ 
Philadelphia Gazette. 

The following is a statement of the receipt and expense of transporting 
423 tons of 2240 Ibs., over the Philadelphia and Reading railway. The 
nett load of 2000 Ibs. to the ton was 307 tons or 101 cars. 

The freight received by bills of parcels was $835 19 for the down trip— 
or $2 78 per ton of 2000 lbs. carried 54} miles in five hours and twenty- 
three minutes. 

The daily expense of running the locomotive to carry a train one trip, 
is stated at $16 67 
To this add wear and tear of 101 cars, at the very liberal allow- 

ance of 30 cents each per diem, (this rate will renew them 

every three years,) ; 30 30 
Add four hands at the brakes, 4 
Five and a half quarts of oil, 2 


$52 97 
The above does not include the incidental expenses of warehouse and un- 
loading.. On the supposition that the cars return empty, it will cost $105 
94-—~it will cost at this rate 35 cents to transport one ton of coal, in a train 
of cats with 390 tons, 54} miles, between 6 and 7 mills per ton per mile 
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The company calculate to pass daily 2250 tons of coal in fifteen. trains 
xvith half the above load. This will give them a gross income at $2 per 
ton on only 708,770 tons, per 315 days, of $1,417,540. 

The facilities of this road, from its favorable grades, to transport coal, fat 
exceeds the Schuylkill canal along side of which it is located. ' 

The capacity of the canal is limited to the number of lockages, during the 
season of transportation. This period will not usually, on an average, (ex- 
cluding Sundays, left out on the railroad estimate,) exceed 200 days. Ifa 
lockage is allowed every ten minutes, day and night, for the whole season, 
with the supposition that each boat carries to tide water, on an average, 
from the mines, 30 tons of coal, we have 744,000 tons, the capacity of the 
canals. 

As regards the railway, a train with 200 tons could pass every half hour, 
say for 315 days, equal to 2,994,000 tons. Ona well regulated railway, 
there would be no difficulty in starting a train every 15 minutes—a rail- 
road with a double track, is nearly equal to travelling in a circle. 





A POPULAR EXPOSITION OF THE INCORRECTNESS OF THE TARIFFS OF 
TOLL IN USE ON THE PUBLIC IMPROVEMENTS OF THE UNITED STATES, 
BY CHARLES ELLET, JR., CIVIL ENGINEER. 

Section 4.—On the most judicious charge on articles of heavy burden 
and small value. 

12. I conceive that it is essential to the fulfilment of the condition, that 
the tax levied on the trade of the line shall be reconcilable with principles 


of equity, that the charge at each point shall be proportional to the ability 
of the article to sustain. And, it fortunately happens, that when the charges 
are regulated in the mode that will produce the maximum revenue, this 
condition will be fully satisfied. 

We are to understand by the ability of a commodity to sustain a charge 
for carriage, the difference between the cost of production and the market 
value of the object. If the article be worth $10 in market, and it cost $6 
to produce and prepare it for market, it will sustain any charge for trans- 
portation, including both freight and toll, not exceeding $4. But its ability 
to sustain a charge for toll only, depends on the position in which it reaches 
the line of the improvement. For, after deducting the cost of production 
from the market value, the residue may go to bear the whole cost of car- 
riage; but we must still deduct from this residue the charge for freight, to 
obtain the sum which it will bear to be charged for toll. 

If, for example, the above article reach the line at one hundred miles 
from the mart, and the freight be one cent per ton per mile, the charge for 
freight will be $1, and this residue will be $3. If it reach the line at two 
hundred miles, the charge for freight will .be $2, and this residue will be 
$2. If it come on the work at three hundred miles, the charge will be $3; 
and the residue will be $1; and if it reaches it at four hundred miles, the 
freight will be $4, and the residue will be nothing. I say, therefore, that 
to make the tax for toll proportional to the ability of the ccmmodity, the 
charge levied by the State for its passage along 

100 miles should be proportional to $3, 
200 miles should be proportional to $2, 
300 miles should be proportional to $1, 
and along four hundred miles it should be allowed to pass free. From 
which it appears, that the greater the distance the commodity is carrie, 
19 
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the less should be’ the toll levied upon it. “In short, I propose that the tax 
should be proportional to the ability of the trade to sustain the charge ; and 
by such a tariff, to supersede those now in use—by which the taxis in: 
erent in proportion as the ability of the trade to bear. the tax is dimin- 
is ’ 

13. Now, it may be demonstrated, that when the toll is assessed on this 
principle, both the tonnage and the revenue will be greater than if the most 
profitable-uniform charge per mile that it is possible to levy were adopted. 

But the method of determining this. most productive charge, cannot be 
conveniently pointed out, with a demonstration of its correctness, in a mere 
popular discussion. I have, however, elsewhere considered the subject in 
some detail, and have shown that the toll on this division of the trade which 
will yield the greatest possible revenue, is about three-eighths of the charge 
which would exclude the article from market; or three-eighths the limit of 
the.tax which it would bear. 

In the above example, therefore, the charge at 

100 miles, should be three-eighths of $3, or $1 12} 

200 miles, should be three-eighths of 2, or 75 

300 miles, should be three-eighths of $1, or 374 
400 miles, 0 00 

The ‘difference between these sums and those above given constitates 
the profits of the proprietors, 

It cannot be objected to this scale of charges, that it deprives the citizen on 
the line, near the mart, of any of the advantages of his position. The 
work, on the contrary, furnishes him with the means of transporting the 
products of his estate to a market for one-fourth or one-fifth the sam he was 
compelled to expend before its construction. This is a positive advantage 
for which he is indebted to the commonwealth ; and he has no right tocom- 
plain, if the same commonwealth extend the. benefits of the enterprse to 
mote distant citizens. The avowed object of the improvement is to bring 
to market, productions which could not otherwise reach it, and, generally, 
to reduce the tax on transportation. And if the objection, that the mode of 
charging here recommended may seem to disturb the relative advantages 
of position of the near and distant denizen, be a valid one, it is a fortiori a 
conclusive argument against all improvement. A consequence of the con- 
struction of any canal or railroad, isto increase the value of estates to which 
it affords new facilities, and of course disturb the relation between the ad- 
vantages possessed by such property and other estates in the commonwealth, 
on which it has no effect. 

But such an objection, even if a legitimate one, cannot be applied to the 
scale here advised. it is not proposed to tax the distant man less for the 
transportation of his effects than the nearer one; on the contrary, he is 
charged’more.* The method merely proposes to make that portion of the 
tax which is to be considered as the profit of the State—that portion which 
is levied for revenue—proportional to the ability of the trade to pay it. And 
this is justice. 


In the example given in art. 12, as we have seen above, the oll 
or 100 miles would be $1 123 
200 iii iy 75 
300 “ 374 
“ Oy 00 
‘But the whole charge, or freight and toll together. 
For 100 miles would be 2 134 


300 * “ 3 37% 
oo ie 400 
or, actually increasing in proportion to the distance, and at the rate of six and-a quarter 
mills per ton per mile. 
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J&L, now, we represent by a proper seale, as in Fig.,2, the area of the 
country which, with the data of this example, would furnish. the tonnage, in 
the hypothesis of an uniform charge of one cent for freight and one cent 
for toll, we shall have, as before stated, a triangular figure NPN, with a 
base, NN, of eighty miles, and height, MP, of two, hundred miles. 

But if the charges were adjusted with a view to the obtaining of the max- 
imum revenue, the triangle would have a base, xn, of fifty miles, and a 
height, MR, of four hundred miles. _ In the one case the area of the coun- 
try would be represented by the triangle NPN, and in the other by the tri- 
angle nRa. é. 

15. But, instead of aiming to obtain the maximum revenue on all the 
trade which would reach the improvement from R to M, we may, by the 
system which it is intended to recommend, adopt in both instances an uni- 
form charge for toll, as one cent perton per mile, from M to M’—the point 
which corresponds with the intersection n’ of the sides of the superior and 
inferior trianglee—and confine the arrangement made with a view tothe 
maximum revenue, to that portion of the country situated between M’ and R, 

The consequence of this arrangement would be to obtain the same ton- 
nage and revenue from the country traversed by the portion MM’ of the 
line, in both cases, since the tariff would in that distance be common; and 

at the same time to increase the area of the country (rading on the improve- 
ment, a quantity equal to whatever would be due to this additional trade 
and the charge upon it, determined in accordance with the principles here 
laid down. 

16. It will be perceived that the increase of tonnage and revenue which, 
in the preceding article, is shown to have place, will be obtained without 
any increase of toll on any part whatever of the trade. We have only to 
take the present tariff of New York or Pennsylvania, or any other state 
or company, and obtain these results by a reduction of the charges. 

For, at the point P, which is supposed to be two hundred miles‘from M, 
we have seen that a toll of one cent per ton per mile would entirely exclude 
the trade. But if instead of a charge of one cent per ton per mile, at that 
point, or $2 for the entire toll from P toM, the article were taxed but seven- 
bh cents per ton, as is stated (in article 13) to be the proper toll under 
the circumstances, there would remain out of the two $2, which is the limit 
of the charge for toll it would bear at that position, a balance of $1 25 to 
pay the expense of its transportation from p to P—a distance of twelve and 
a half miles on each side of the line. So that, by simply reducing the 
charge resulting from a tariff proportioned to the distance, we shall here 
obtain, instead of nothing, a revenue due to the tonnage that would be fur- 
nished by a district pp, twenty-five miles in breadth, at a charge of seventy- 
five cents per ton. 

It is true that a much more important increase of revenue might be ex- 

erienced by a modification of the uniform charge ‘supposed - to be levied 
tom M to M’, and a reduction frotn the new tariff beyond M’. For, even 
where we adopt the principle of fixing on the determinate toll per ton per 
mile for a certain distance, we should bear in mind that there is a certain 
uniform charge which will yield a higher result than any other. But, 
without any reference to this, or any of the other advantages which would 
be derived from a thorough and strict regard to the laws of trade in the es- 
tablishment of the tariff, I have only soughtto render clear the fact, that by- 
simple reductions of the chatges on a portion of the trade on all our public 
works, the revenue and tonnage may be simultaneowsly increased, and the 
taz on the public may be rendered more equitable. “Ath 

17, ‘The preceding couclusions are applicable only tothe trade ih heavy 
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articles of small value, Equally salutary results might however be obtain- 
éd by modifications of the charges on the other principal division of the 
commerce of the country—that which is rendered by its value an object for 
the competition of rival works. But the examination of the subject with 
reference to the latter division would, from its complication, be much less 
susceptible of receiving a popular form. This and other views of the sub- 
ject, which have always to be considered in any attempt to establish a cor- 
rect tariff, are examined in considerable detail in my “ Essay on the Laws 
of Trade,” where the methods to be adopted to obtain the greatest revenue 
which the work can possibly extract from the commerce of the country is- 
fully exposed. It is not possible to repeat here, in the natrow space which. 
We can now appropriate‘to the subject, even the most important of the prin- 
ciples to be regarded in the administration of our public works, which I 
have there attempted to develope. The glance which is here directed to 
the question is necessarily confined to a very few prominent points. 

To establish a tariff of toll for all articles, on sound principles, requires 
a certain intimacy with the statistics of the line, and a proper acquaintance 
with the laws by which the tonnage and revenve are governed. This 
knowledge cannot be obtained intuitively ; and a correct tariff cannot be de- 
vised, as those on all our improvements are, by the mere conjectures of the 
parties to whose discretion such subjects are usually referred. 


Section V.—General Laws of Trade. 

18. There are some facts of a general character relating to this subject 
which are susceptible of a most rigorous demonstration, that may be here 
profitably repeated, It has already been shown that a great loss of trade 
and revenue is sustained in the management of public works by the adop- 
tion of a uniform rate of assessment. In the examples adduced, this re- 
sults fram over charges, which, under such regulations, invariably have 

ce in some part of the line. It may be shown by a legitimate course of 
argument, that however we depart from the charge which will yield the 
greatest revenue there will be an increase or diminution of tonnage, and, of 
course, always a decrease of revenue. If the departure be an overcharge, 
the tonnage will be reduced a quantity directly proportional to the value 
of the overcharge, and the revenue proportional to the square of that de- 
parture. 

Nothing can prove more conclusively the danger of submitting so im- 
portant a subject as the preparation of a tariff, to the uncertain guide of 
conjecture. For, if we err ten mills in the charge which we establish for 
nny ation, the loss will be one hundred times greate: than if we err but one 
mill. 

19. It is usual to assume that the charge for tol] should be proportional to 
the distance the article is carried—tbat it should be greater br a great dis- 
tance thana short one, But we have already seen that, on the contrary in 
most cases, the greater the distance the article is carried the less should be 
the aggregate toll upon it. (Art. 13.) 

20. It is common to suppose either that the tariff of toll is independent 
of thecost of freight, or that the higher the expenses of carriage the great- 
er should be the charge for toll. But, on the contrary, the fact is suscepti- 
ble of general and easy proof, that the higher the churge for freight on the 
line, the lower must be the toll; and also that any increase of the cost of 
freight will at the same time diminish the toll or profit on the article, and 
increase the whole tax for its transportation. 

21. The charge for toll is also assumed, in the ordinary establishment of 
tariffs, to be independent of the mode by which the trade approaches the 
Jine; and, for many articles, this is true ; but, for others, it is an ascertained 
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“fact, susceptbile of easy demonstration, that if they are brought to the work 
-by acommonturnpske a higher toll should be charged for their passage on 

the improvement than if the same articles reach the work by a railroad, 
‘and, a fortiori, than if brought by a canal, 

22. Where the object is to obtain the greatest possible revenue, it is a 
general law, susceptible of satisfactory proof, that the charge for toll should 
not exceed half that charge which would exclude the trade from the line. 
It may be shown, however, that, although a higher charge than this can 
never be advantageously adopted, it may frequently be reduced to three-eights 
‘of the sum which would cause the exclusion of the trade, with a very ben- 
eficial effect on the tonnage, and without leading to any sacrifice on the 
Score of revenne. 

23. Another fact, which may be derived immediately from the preceding 
is, that where the most judicious charge is levied, the tonnage of the line 
will be one-half of the tonnage which would be obtained if no toll at all 
were exacted. 

24. The charge for toll has already been shown to depend in parton the 
priceof freight; and it is an established Jaw that if the cost of freight be 
increased ‘or diminished by any modifications of the work, or the system of 
transportation adopted on it, the toll must be increased just half as much 
as the freight is diminished, or diminished just half as much as the freight 
is increased. And it is further susceptible of demonstration, that the in- 
‘crease of revenue which will follow a general reduction of the charge for 
freight will at least be equal to the arithmetical mean between the values 
of the tonnage before and after the reduction, multiplied by the amount 
that the freight is reduced. In other words, if the trade of the line be one 
hundred thousand tons, and the freight be from any cause reduced $1 per 
ton, and the tonnage thereby increased ten thousand tons, the revenue of 
the work will be increased more than $105,000; and this result will have 
place simultaneously with a reduction of the whole tax on the trade to the 
amount of $50,000, and the corresponding augmentation of the tonnage. 

25. The fact is not usually recognised, that the toll, and tonnage, and re- 
venue, are all more or less dependent on the length of the line of the im- 
provement. It may, nevertheless, be easily proved by a general demonstra- 
tion, that the tonnage, the charge which may be levied per ton per mile, and 
consequently the revenue will all receive an increase by a reduction of the 
length of the line of transportation. So that if the toll be judiciously es- 
tablished on any given line, and any material change of location afterward 
be made, by which the distance, or cost of freight is diminished, there must 
be a certain increase of the charge for toll, from which an augmentation of 
revenue will necessarily result. The value of this ineredse of revenue is 
equal to the whole annual tonnage of the line, multiplied by the actual cost 
of freight through the distance saved—and, considering only the value of 
the trade, it is therefore worth, to reduce the length of the line, the capital 
of which the interest is equal to that sum. 

26. In the arrangement of the charges in a tarriff, there is no subject of 
greater importance, for some articles, than the positive, and for others, than 
the relative, value of the mart. From the positive value of the article, isde- 
termined the tax which one division of the trade can sustain ; and from the 
relative value is in part deduced the proper toll on all commodities for which 
other works are competitors. 

A permanent change of the relative standing of the mart, ought, there- 
fore, to superinduce a modification of thetoll. And it may be easily shown 
that if the relative value of the market—by which is intended its value com- 
pared with that of the rival mart—be increased any given sum, we shall find 
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the corresponding increase of toll per mile proper to be made, by dividing 
that increase by twice the length of the improvement in miles... If, for in- 
stance, the value of Philadelphia as a mart for tobacco, compared with the 
value of New Orleans in reference to the same article, be, from any eause, 
increased $4 per hogshead, and the distance from Philadelphia to Pittsburg 
be‘four hundred miles, then, I say, the toll on tobacco on the whole central 
line of the Pennsylvania improvement, should be increased a half-cent per 
ton per mile. 

It is also easy to demonstrate that, at the same time, the revenue will be 
augmented by any increase of the relative value of the market, an amount 
obtained by mulitplying the original tonnage added to half the increase. of 
tonnage consequent on an improvement of the market, by the increased va- 
lueof the‘tonnage at the market. 

It is shown, in fact, that whatever circumstance occurs to increase the 
value of the property sent along an improvement, to the holder of the pre- 
perty, will cause a certain increase of tonnage, of which the measure cam 
be obtained, and a simultaneous augmentation of revenue equa! to the whole 
increase of its value; and that whatever unnecessary tax is levied on the 
trade, is at least so much deducted from the revenue of the improvement. 
If, for instance, the engineer in making the location permit his Jine to be 
one mile longer than is essential, he will thereby cause to the State or com- 
pany an annual tax, or equivalent loss of dividend, equal to the whole an- 
nual expense of transporting the whole trade of the country through that 
mile. He incurs, at the same time, the responsibility of reducing the ton- 
nage of the work, and of injuring, to a certain extent, both the country 
that supplies the trade, and the emporium which receives it. 

If he embarrass the line by an unnecessary grade, or any other impedi- 
ment which involves a similar increase of the charge for freight, he is re- 
sponsible for the same result ; and, before adopting such a measure, is bound 
to compare the value of the difficulties to be avoided, with that of these in- 
evitable consequences to the future trade. 

28. [t is an error, and a very frequent one, to suppose that the toll is in 
any manner dependent on the cost of the work; or ought, under any cir- 
cumstances, to be directly proportional to the value of the article. It is, 
however, not uncommon to assume, that it ought to bear some relation to 
the. cost of construction; and there are tariffs of toll in the data for the cal- 
culation of which the value of the commodity is in principal, if not the 
only element. It is nota little singular tht, after encountering an expense: 
of hundreds of millions for our public works, the tariffs by which they are- 
to be sustained should be entirely ruled by considerations which, however 
plausible in a superficial view, have no legitimate relation to the questivn. 

For one division of the trade, it is not the positive value of the commodi-. 
ty, but the difference between the market value and the cost of production ;: 
and for the other, the difference between the value of the article at the mart 
of the improvement and at that of its rival, by which the toll is, influenced. 
And this influence is only partial, The value of the article, taken in any 
8 isonly a part of the data by which the true charge must be deter- 
mined, 

29. It is by no means the intention here to attempt a general analysis of 
this most important subject. My object, as already announced, has been to 
show that, under certain circumstances, a matked increase of trade and re- 
venue may be obtained on all our public works, by simply reducing, the 
charges; and that such modifications of the tax levied on the community is 
tendered imperative by the first principles of equity. If I have succeeded 
immaking this truth perfectly apparent, the design of these pages will be 
fully accomplished. 
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‘I scarce hope to have satisfied the reader in a discussion so brief and 
popular, that to enable a company to take the full advantage of its position, 
and obtain the highest degree of success of which their enterprise is sus* 
ceptible, demands a’careful and close investigation of the laws of trade in 
reference to evety branch of the subject, To appreciate the importance of 
this course, requires that the mind should have mvestigated such yr 
sufficiently to estimate the consequences of its neglect. To know the value 
of establishing the most correct tariff, we need to know what we ate likely 
‘to lose by the adoption of a conjeetural or empirical one. 

This subject, though usually taken under other auspices, is peculiarly a 
‘professional study. An intimate acquaintance with the principles whieh 
govern the trade of an improvement, is a department of knowledge which 
is essential to the engineer in the location of his line, and the establishment 
of many of the plans of his work. His first duties, when properly dis- 
charged, compel him to become the most intimately acquainted with the 
productions and statistics of the country, and the information acquired inthe 
accomplishment of these labors, ought to be tarned to account in directing 
the future administration of the line. 

The preparation of ‘the tariff is, or ought to be, the peculiar province of 
the engineer. For, though there may be many considerations of poliey, 
which should have a certain weight with those whose final action is requi- 
site to carry his recommendation into effect—and which may frequently 
render it advisable to modify the charges which an @ priori investigation 
may indicate to be proper, where the questions of trade and revenue only 
are under consideration,—-still, it is not less important that the tariff should 
first be correct in itself, that some estimate may be made of the effect that 
will be felt when such political modifications come to be admitted. And, 
withal, it is difficult to conceive what motives of policy should induce any 
material departure from those limits which the administration of justice, the 
promotion of trade, and the augmentation of the revenue simultaneously 
recommend. 





LE COUNT ON RAILWAYS. 


“ Uniformity in the width of track” finds as little favor on the other, as on 
this side of the water. ; 


When the contractsalong the line are fairly at work, one of the first 
knotty points which the directors will have to decide on, is, the width of 
the rails, their shape, the length of their bearing, and the form of their 
chair. The width between the rails has only lately become a subject of 
dispute, neatly all the railways prior to the Great Western, having been 
laid down 4 feet 8} inches apart. Mr. Brunel has extended it to seven 
feet, the Irish railway commission recommend six feet two inches, several 
of the Scottish railways are laid down at five feet six inches, in fact, the 
variations run from four and a halfto seven feet. 

The question of the stability of the carriages on the railway may be left 
out of consideration in looking at this matter, beenuse the machinery will 
always require sufficient space between the wheels to insure this. Now, as 
4 feet 81 inches are found to be enough for the good performance of an engine, 
which with 54 feet wheel, will go on a level upwards of 69 miles.an hour, 
as with 5 feet wheels, Marshal Slout, on his visit to Liverpool just after the 
Queen’s coronation, was taken over 103 miles of favorable ground on the 
Junction Railway within 10 minutes, & as an engine has gone60 miles Grand 
an nour on the London and Birmingham Railway, ‘up an inclined ‘plane; 
is it wise or prudent to make any change at all, aud will any additional 
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epeed, which may be gained by increasing the width of the rails and the 
diameter of the wheels compensate for the greater expense of the outlay 
which will constantly be required to keep the road in order on account of 
the increased weight? This will receive get from the experiments on the 
Great. Western, but will not be fully decided until it be tried on the Irish or 
some other.railways, as Mr. Brunel's rails are altogether different from most 
others in use. The plan recommended by the Irish railway commission- 
ers, of putting the rails farther apart but not widening the carriages, mere- 
ly making the wheels run outside the bodies, is a good one in some respects ; 
but it would add to the expense of the works considerably, and the result 
would be exceedingly questionable. 

» It must not be forgotten, that, where a different width from that'in com- 
mon use is adopted, the railway on which it is used becomes isolated. None 
but its own carriages can travel on it, and they can travel on no other line. 
This alone will, in most cases, be a serious objection. For our own parts 
we should say, let well alone; wait for more experience; we are yet infants 
among. railways, and we ought not to innovate.on that which has proved to 
do well, until we become giants. The majority of opinions, however, are 
beginning to lean towards some increase in A width, although there is 
every diversity in the quantity which practical men think necessary. Cer- 
tainly the machinery under the boiler is compressed into its minimum 
space, and more room for it would be a great advantage, if it does-not in- 
duce an incommensurate loss in other ways. 

With respect to the form of the rail, it can be proved that.a fish belly has 
greater strength, weight for weight, than any other. A 60 lb. fish. belly at 
three feet bearings, rolled with a lower web, would be the best form of all; 
and this has been effected, as the original Liverpool and Manchester rails 
had partially this shape. ‘The question, however, must. be looked at in. 
conjunction with the length between the supports. We have given below 
those forms most approved of in practice, and have added that in use on the 
Great Western Railway, which is however light; and does not stand well, 
three feet having been the original distance of the bearings. 

Fig. 1 is the old Liverpool and Manchester rail, laid-down at three feet: 
bearings; weight thirty-three lbs. yer yard, with-square joints. This rail. 
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was rolled with a lateral swell at the bottom, which on one side was con: 
tinued the whole length, but on the other did not quite reach the chair— 
One side of the chair was cast with a cavity, into which the jateral swell 
fitted, and the opposite side had a nearly similar opening, in which was 
driven an iron key, shaped like a wedge, which, entering in a longitudinal} 
direction, not only forced the swell into the cavity which was formed to re- 
ceive it, but by this means, at the same time, kept the rail down in the chair. 

Fig. .2. Losh’s patent rail, in which he sought to gain a still mere pow- 
erful mode of. keeping the rail down in the chair, by having his key taper- 
ed vertically 2s well as longitudinally, so as to act as a wedge downwards, 
as well as in the direction of its length; whilst, at the same time, the neces- 
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sary expansion and contraction is allowed to take place. . A key on .each 
side has also been used with this form of rail, still, however, the keys were 
always found to work loose. Losh had also a projection rolled on the bot- 











tom of his rail; at the part which lies in the chair, where a corresponding 
cavity was cut to receive it, so that the effect of expansion or contraction 
would have a tendency to raise the rail in the chair, and thus wedge it tight- 
er. The upper part of the notch for receiving the key in the chair was 
also formed with a slight curve, to allow of a smal] motion in the block, and 
the rails were made with a half-lap joint, formed not by cutting the middle 
rib of the rail, but by setting it back, so as to preserve its whole strength — 
They were laid down at three feet bearings, and weighed forty-four lbs. per 
yard, but of course were not restricted to that, or to any other weight. 

Fig. 3. The London and Birmingham fifty lbs. fish bellied rail. This 
was laid down at three feet bearings, and the half-lap joint formed by set- 
ting back the middle rib instead of cutting it, in the same way as Losh’s 
rail, It was keyed down by a pin going through the side of the chair in a 
direction sloping downwards. The end of this pin went into a notch in 
the side of the rail, at its lower parts; the pin was forced tightly in by an 
iron key acting through the chair, and also through a hole in the pin, by 














which it was driven both in and downwards; and the end of the key being 
split, was then opened, to prevent its being shaken loose. Mr. Stephenson 
has a patent for this chair. The rails did not rest on the bottom of the chair 
but on a loose piece of iron, the lower part of which was the segment of a 
circle, and the upper part flat, and of the same width as the middle rib of 
the rail; and this worked in a circular cavity in the chair, so as to allowa 
motion when deflection took place.in the rail. These rails had no bottom 
webs. 

Fig. 4 is the St. Helen’s and Runcorn rail, with a bottom web, having a 
semicircular base. These rails are forty-two lbs. per yard, and were laid 
down at three feet bearings. A wedge on both sides is used, which acts 


Fig. 4. 
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downwards as well as sideways, from the opening in the chair to receive # 
béinig narrower at the top than at the bottom. | 
Fig. 5’shows the parallel rails laid down on the Grand Junetion, and 
London and Birmingham railways. The left hand one is sixty-four lbs. 
er yard on the Grand Junction. The right hand one is the London and 
Birmingham seventy-five pound rail. Rails of this kind are laid on sev- 
enty-five miles of that railway, and were intended to be at five feet bearings, 
but proved a complete failure at that distance, which had to be reduced to 
three feet nine inches. The left hand one was intended to be at four feet 
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bearings. These rails were both Jaid down contrary tothe opinion of the 
engineer, Mr. Stephenson, and have entailed a vast expense on that compa- 
ny, They have wooden wedges. 

Fig. 6 is the Great Western rail, laid on longitudinal timbers, and forty 
four |bs. per yard. Felt is laid between the rail and the timber, and the 


former is fastened down with screws. It has been found deficient in strength 
for the heavy engines used upon that railway. ke 

Fig. 7 has been frequently adopted on railways formed with longitudi- 
nal bearings. It is spiked down to the tim- Fig. 7. 
bers, and requires no chair. The weights 
have varied from thirty-five to sixty lbs. per 
yard. Sometimes the spikes have not gone 
through holes in the rail as in the figure, 
but have been driven in just outside each 
edge of.the rail; in which case they are 
made with large heads, which come down and clip the rail firmly to the 
timbers. 

The London and Birmingham railway companies, after a long discus- 
sion, decided to try four and five feet with a parallel form instead of a fish- 
belly, which, requiring one-third more height in the chair, had, in addition 
to other disadvantages, that of being more liable to wring the chair from 
the block, which is found in practice to take place directly as the height of 
the chair. The'block is also more loosened in the ground by a high chair 
and the continual repairs arrising from this loosening, amount to one-half 





Railways. 


the wages expended in repairing the way in general; hence every means 
of diminishing such « heavy item, which can possibly be devised, shonld 
be put m practice. As usual, where all was theory, there were considera- 
dle diversities of opinion. Those who wish to enter more at large on this 
subject, may consult Professor Barlow in favor of lengthening the bear- 
ings, and Lieut. Lecount against it. As the matter has-had a fair trial, it 
is only necessary here to state the results. 

_ On-the Primrose Hill contract, which was laid with four feet bearings, 
it was found much more troublesome to keep the permanent way in order, 
than with bearings of three feet. With the four feet bearings, it was found, 
that, in a very short time, the rails were put out of gauge, the width con- 
tinually increasing, until it became absolutely necessary to re-adjust the 
whole. This was observed. in a very marked manner with a part of the 
dine near Kilburn, which had been recently laid down. 

On the Harrow contract, from the crossing of the Harrow road to No. 
12-cutting, the permanent road was used for conveying away the material 
from a side cutting The traffic was of course considerable, but not by 
any means such as to account for the absolute difficulty which the contract- 
ors had in keeping the railway in guage. They were obliged to put sleep- 
ers at the joints in addition to the regular number of blocks, which of course 
kept the rails in guage at those points; but notwithstanding this, the inter- 
mediate blocks moved outwards. When the engineer’s attention was first 
called to this position of the permanent way, he was inclined to think that 
something might be attributed to the blocks being placed anglewise; but 
after giving this part of the subject his careful consideration, he felt satis- 
fied that the position of the blocks was at least as firm as the square posi- 
tion; and he felt confirmed in this opinion, by the fact, that, in another por- 
tion of the line near Kensal Green, where the road was laid in the ordina- 
ry manner with blocks three feet apart, and placed anglewise, and where 
locomotive engines had been constantly running for eighteen months, there 
was not found any greater tendency to a motion outwards, than when they 
were laid square to the direction of the rail, in the old manner. If, there- 
fore, the diagonal position of the blocks had been defective, this was the 
place to try it; for the quantity of material conveyed over this part of the 
permanent road in wagons without springs, and with heavy locomotive en- 
gines, was very great indeed, and under circumstances well calculated to 
detect any marked difference in the construction. 

On the Berkhempstead contract, where five feet bearings were in use, 
and were a locomotive engine was at work, the contractors made heavy 
complaints of the greater difficulty they had experienced in keeping the 
rails in guage than there was with the shorter bearings. In fact, in the 
eighteen months prior to June 1837, the three feet rails in some parts of the 
line, had more work than they now have, where the Jine is open; yet they 
stood it well, while the five fect have heen so put out of gauge by one day’s 
work, that the wagons had to be stopped till one and two additional slee 
ers for each five feet could be Jaid down, and even then they were but indif- 
ferent; and similar complaints having come in from other quarters, togeth- 
er with the fact that the five feet bearings on the Liverpool and Manches- 
ter railway were found to cost double the sum for keeping the way in re- 
pair that was required with three feet nine inches bearings, the who toa 
tion had to be opened again, and the directors resolved to shorten the bear- 
ings from five feet to three feet nine inches. 

This lateral deflection is of most serious importance, when we recol- 
lect that the rails being out of guage will throw the trains off the line— 
The lateral blows which an engine may give are such, that several chairs 
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in succession have been broken or knocked off the blocks and sleepers ; and 
the absolute weight: passing over any one rail may be fairly taken as three 
» times the nominal weight, for the effect from lurching has been experi- 
mentally found with engines having three tons’ weight on each of the 
driving wheels to increase that weight to seven tons; besides which, we 
know that four wheeled engines, for instance, will, in practice, be frequent- 
ly running on three wheels, no railroad ‘being a perfect plane; and when 
‘these three points are in the act of shifting, the engine during that time is 
only supported on two wheels. 

The flexure produced by this weight perpendicularly has alsv this bad 
effect, that the engine and train are constantly ascending an inclined plane 
in practice, although the railway is considered as level, and of course where 
the railway has an inclination, that inclination will be proportionally in- 
creased. This was first pointed out by Professor Barlow, and is an impor- 
tant fact; for on the short planes between each block or sleeper caused by 
the deflection of the rail, the gain in descent is so insignificant, that it may 
be éntirely neglected; consequently the engines and carriages ate constant- 
ly going up an inclined plane between each support of the rails equivalent 
to the central deflection divided by twice the distance between the supports. 
This is, from calculation, ascertained to be as follows, viz. :— 








Increased Power 
Rearing distance. Deflection. Equivalent planes. requir 

per ton. 
Ft ~ In. Inches. 
3 0 024 1 in 3000 ‘75 Ib. 
3 9 037 1 in 2432 ‘92 |b. 
4 0 041 1 in 2341 ‘95 |b. 
5 0 064 Lyin 1875 1:20 Ib. 
6 0 082 1 in 1756 1:30 Ib. 

















ARpoagh the deflection of rails will generally be -different from the 
above, and the increase of power required to surmount the consequent 
planes will also require considerable modification to suit the action of lo- 
coimotive engines, which depend upon so many othercircumstances besides 
the action of gravity; yet the fact remains the same, namely, that with de- 
flection there is a consequent loss, and the subject deserves much more con- 
sideration than it has received, especially as we know that fish-bellied rails 
do not fail in the middle, but about eight inches from the supports. A rail 
ought not to act asa spring; but as this toa certain extent must be the 
case, it should be made to do so as little as possible. A spring should only 
be used to get over an obstacle where one must be met, but if the rail acts 
a8 spring it creates an obstacle where none existed before. We must 
also remember that when deflection becomes permanent, fracture begins, as 
we break a thing we are not strong enough to pull asunder, by bending it 
backwards and forwards. In fact, the experiments on deflection have hith- 
erto been such that they have merely served to unsettle all opinion, and to 
place one set of, deductions in opposition to another, The mode of estima- 
ting this element by two wheels on an axle, loaded at their peripheries, and 
oscillated on the rails, is one which well deserves attention. In all cases, 
the firmer the rail is fixed to the chair, as respects rising in it, the less will 
be the: deflection. Of course it must always have a motion in the direc- 
tion of its length to allow for expansion and contraction, the force of which 
will vary in good or tolerable iron from nine to six tons per square inch of 
section. The expansion of a fifteen-feet rail may be taken at ‘00126 inches 
for each degree of Fahrenheit, and as it will not be safe to take less than 
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90° for the range of our climate, this gives ‘1134 inches for the total, or 

‘0567 at each end of such a rail. eet te 
., In order to understand the action which takes place in the case of a de- 
flected rail when a heavy weight passes over it, we must know the effect of 
gravity at the velocities used on railways. For this purpose, if we take 
three, four and five feet beraings as those which seem at present likely to 
be the limits, the following table will give us the time occupied in going 
over half the rail in each case; and from this we shall be able to ascertain 
the effect of gravity during that time. 




















Parts of a se-|Parts of a se-|Parts of @ se- 
Velocity in | Velocity in | Velocity in | condin which jcond in whiehjcond in which - 
miles per yards per inches per | 18 inches are | 24 inches are | 30 inches are 
hour. minute. secon passed over. | passed over. | passed over. 
10 | 293°33 | 176 — 1-9°8 1-7°33 "1-586 
20 58666 352 1-19°6 1-14-7 1-11°73 
30 879-99 # 528 1-29°3 1-22 1-176 
40 1173:32 704 1-39°1 1-29°3 1-23-47 
50 1466°65 880 1-48°9 1-36°7 1-29°3 
60 1759-98 1056 1-58°7 1-44 1-35°2 
70 2053°31 1232 1-68°4 1-51°3 1-41°1 
80 234664 1408 1-782 1-58°7 1-469 
90 2639-97 1584 1-88 1-66 1-52°8 
100 2933:30 1760 1-97°8 1-73:3 1-58°7 




















Or putting a for the velocity in miles per hour, » for the velocity in 
yards per minute, and v’ for the velocity in yards per second, we have 


MF 1760'a na 1760-a 


0 =29°333a v= 3600 7 *888a. 


And in the table, taking either of the three right hand columns, accor- 
dtng to the length of bearing, for instance the eighteen-inch column for a 
three feet rail, we havethe number of inches through which the engine or 
any other body would fall by the action of gravity in free space, in the 
time which it takes to pass over 18 inches at the given velocity, by the for- 
mula s=/?-|93, where ¢ is the time in seconds, and s the space in inches. 
Thus at 20 miles an hour, with a three feet rail, where 18 inches are pass- 
ed over in +}., of a second, the engine would fall during that time 

1 \? 193 se 
(iss) 193 38016 193 38016 7 OF half an inch. 

Again at 30 miles an hour, with a three feet rail, 18 inches of which are 

passed over in 5}. of a second, the engine during that time would fall 


sty)’ 198 ar. _ 193 ae . P 
(3 = 5849 193 @5849 ~~ 225 OF not quite a quarter of an 
inch. . 


And denoting by ¢ and s the time and space as above, we have converse- 
ly, knowing the space an engine would have to fall, for instance, through a 
bad joint, the distance the engine would pass over without touching the 


lower rail, by the formula 
/ 8 
= 193" 
Thus when s='225, we have 


, ees 1 
a 6 J/ 001166= °0341= 393 
of a second, in which, at 30 miles an hour, we find by the table the engine 





Railways.— Erie Canal Enlargement. 


would pass over 18 inches of the lower rai] without touching it, describing 
in its fall a parabola modified by the effect of the springs on the engine. 

This has been put to the test of experience by bending a rail nearly half 
an inch, and then painting it. An engine and train of carriages were then 
run over it, none of the wheels of which touched the paint for 22 inches. 
This affectsa railway in three ways. First, when the engine has to fall, 
through a bad joint, the rail which it leaves being higher than the rail it is 
coming upon, the increased momentum from the fall will here occasion a 
larger deflection than ordinary, and a consequent inclined plane against the 
engine, from the time it comes on the rail till it passes the next ghair. Sec- 
ondly, when a rail is permanently:bent, where the resistance on the second 
or rising part of the rail will be less than in the first case. And thirdly, 
when the rail is simply deflected by the weight of the engine, and restores 
itself to its original level when that weight has passed ; here the effect will 
be least of all, the rail taking the form of a receding wave before the wheel 
and a following wave after it. 

In the second case, where the rail is permanently bent, the formula for 
the space the engine would fall will be 


H 
s=T, 193-0, 

where H is the height of the plane, and L its length, s and ¢ being as be- 
fore. For instance, if the bend is ‘1 of an inch in a 3 foot rail, we have 


1 l 
s=TR0 ‘193-g55 7G = "00125 of an inch, at 30 miles an hour, 


i. 

and s= 799 !93 sEr16 
of an inch at 20, and ;},5 of an inch, at 30 miles an hour, would be de- 
scended by the engine by the effect of gravity, in the same time that steam 
and gtavity together take it along 18 inches of the rail. . 

Let us next suppose we have steam enough to carry the engine along at 
a velocity so great, that gravity will not bring it down the *1 of an inch 
perpendicular, whilst steam carries it along the 18 inches horizontal, we 
shall find this velocity to be at and above 44 miles an hour, for it takes 
of a second for a body to fall one-tenth of an inch by the effect of gravity, 
and J”: 18 in. =3600”: 44 miles; hence at 44 miles an hour, and at all 
velocities above it, the engine, after arriving on the rail, bent one-tenth of an 
inch in the middle, and forming two planes, will no longer touch the rail 
till after it has passed the middle of it, and velocities of 60 miles an hour 
have been attained. 


=00278 of an inch at 20 miles an hour, or 3s}, 


(To be continued.) 





Erie Cana En.arcement.—A series of articles on this subject, have 
been lately published in the Railroad Journal, under the signature of Ful- 
ton, which appear to us to be both timely and appropriate. Other numbers 
are yet to follow. The writer calculates the whole cost of the enlargement, 
including damage and loss of interest, at $40,000,000!! He shows from 
the annual Reports of the Comptroller, that in consequence of the gradual 
destruction of the forests in the neighborhood ofthe canals, the down tonnage 
has fallen off within the last five years to the extent of 140,000 tons, will 
not, for a long time to come, be made up by the increase of agricultural 
products; thateven double locks are not now wanted ; and that any enlarge- 
ment beyond adding 12 or 18 inches to the banks, will be money thrown 
away. He complains of the impolicy and injustice of making private en- 
terprise,as developed in railways along the line of the canal, tributury to 
the State, as a means of defraying the interest on the enlargement. He re- 
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buts the doctrine heretofore maintained by some, that the effect of the en- 
largement will be to reduce transportation 50 per cent. Persons interested 
in the subject, as every citizen of the State is, either directly or indirectly, 
will do well to refer to the articles themselves. We perceive, as yet, no 
decisive movement in the Legislature, having for its object to arrest the 
enormous expenditure which is being entailed upon us. ‘The subject will 
be thoroughly scanned by posterity—of that be assured. Forty million 
dollars, or twenty millions, if such a debt is incurred for the proposed en- 
largement, will be an incubus upon our credit and resources, which ‘it will 
not be easy to shake off.—Jour. of Commerce. 





Locomotive Enoines.—The statement of the performance of the Lo- 
comotive Engine “Minerva,” on the Philadelphia and Reading railroad 
which we take from the United States Gazette, will be found interesting 
and useful on account of the business like manner in which it is prepared. 

More of the Philadelphia Engines—We have great pleasure in pre- 
senting our readers with the subjoined statement of the performance of the 
“ Minerva” Locomotive Engine, built by William Norris, Philadelphia, on 


the Philadelphia and Reading Railroad, with a train of 85 loaded cars, 
January 15, 1840. 








st lev- 
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Two quarts of oil only were used by the Engine and Tender in the trip, 
including oiling before starting. Nett weight of freight 216-3 tons gross 
weight, 350 tons or 784,000 Ibs. 

In the above statement the tons.mentioned are gross of 2240 lbs. 

Weather clear and cold, rails in good order. 

Weight of engine, empty, 23,040 Ibs. 

With water to second cock, 25,730 * 

With water, fuel, and two men, 26,300 “ 

On four driving wheels, 15,150 “ 

On driving wheels, with water and fuel, 17,450 

On driving wheels, with water, fuel and two men, or in run- 

ning order, 17,909 

Her tender holds 504 gallons water. 

The engine started the train of 85 cars three times on a level; and on 
one occasion in a curve of 955 feet radius, without aay straining or diffieul- 
ty, and at various times attained a speed of 14 miles per hour through some 
curves of the above radius on a level. 

The quantity of steam generated, when common dry oak wood was used 
was more than sufficient to supply her cylinders; and from the surplus 
quantity which escaped from the safety valve, I have no doubt she could 
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have taken 20 more loaded cars, or 90 tons, had they been ready, and with- 
out any injury to her machinery. Signed, G.A. Nicotts. 
Superintendant Transportation Phila. and Reading Railroad. 
Reading, Pa. January 18, 1840. ; 


For the American Railroad Journal, and Mechanics’ Magazine. 
METEOROLOGICAL RECORD FOR THE MON'IHS OF NOV. and DEC., 1839. 
Kept on Red River, below Alexandria, La., (Lat. 31.10 N., Long., 91.59 W.) 


REMARKS. 











= 
1839 











.| Wind. | Weath. 


calm .| clondy |light shower forenoon 

“ clear {light shower at night 
7 ++  jeloudy morning clear day 
shigh| --~ jall day 
nw high) -: 4 

w *. . 

NW ++ — |white frost 
calm * 3 





“ 


“ 


. rain in the night 
w \ 
oo foggy morning . 
sw rain in the evening 

‘ heavy showers all day 
NW morning, evening clear 
NE 
calm foggy morning 


w 
N 





rain evening and all night | 

“ steady all day and all night 
all day 

morning, clear day 

all day 


[night 
rain light showers and drisling all day and all 
light drisling rain all day and all night 


evening clear 





mean temp. of the month 54. 
foggy morning 
white frost 


white frost, rain in the evening and night 
thunder shower in the morning, drisling rain 
white frost all day 


“ 


all day 
clear white frost 
cloudy 
.. [rain all the forenoon, evening calm and clear 
clear 
cloudy rain afternoon and all night 


clear white frost 
cloudy |rain-all the forenoon, cloudy all day 
clear white frost 


cloudy rain and thunder at night 
clear 
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